Reconstruction of multiple branches of the facial nerve by sural nerve graft using end-to-side nerve suture was performed successfully on a patient with advanced parotid tumor. In this technique, one end of the grafted nerve is sutured with the stump of the facial nerve trunk in an end-to-end manner. Epineural windows are made on the nerve graft, and the distal stumps of the facial nerve branches (temporal, zygomatic, and buccal branches) are sutured with the graft in an end-to-side manner. Functional recovery of all branches and satisfactory facial expression were obtained within 2 years postoperatively. Axonal regeneration through the graft was confirmed by electrodiagnosis. Regeneration through the anastomosis at the stump of the facial nerve trunk using this technique is more efficient than conventional cable grafting, and the length of the nerve required is minimal. This technique may be a useful option for facial nerve reconstruction managing multiple branches. FIGURE 4. Voluntary electromyography of the facial expression muscles 2 years after surgery. Although reinnervation from the contralateral side may occur in the central muscles, volitional activity of the frontal, orbicularis oculi, zygomatic major, orbicularis oris, and the depressor anguli oris muscles was obtained.
A lthough end-to-side neurorrhaphy is not a new concept, its possible use for reconstruction of the facial nerve is a hopeful alternative to conventional end-to-end neurorrhaphy or nerve graft. Early proposals of end-to-side neurorrhaphy of the facial nerve in clinical use included the treatment of facial spasm by Kennedy in 1901 1 and spinal accessory nerve crossover for the treatment of facial palsy by Balance et al 2 
in 1903.
After a long stagnation, Viterbo et al 3 proposed a new type of end-to-side neurorrhaphy in an experimental model in rats. They sectioned the peroneal nerve and sutured its distal end to the lateral face of the tibial nerve after removing an epineural window. Nerve regeneration through the perineural window was confirmed by Lutz et al 4 in an experimental study in rats, using the median nerve as the recipient nerve and either the antagonistic radial nerve or the agonistic ulnar nerve as the donor nerves.
Recent clinical reports describing end-to-side neurorrhaphy for facial paralysis preserve the hypoglossal nerve during the nerve crossover. 5, 6 Yoleri et al 6 sutured the distal stump of the facial nerve trunk directly to the sidewall of the hypoglossal nerve, and May et al 5 used a nerve graft between them.
In previous reports concerning end-to-side neurorrhaphy, nerves are sutured to the sidewall of a healthy, functioning donor nerve. [1] [2] [3] [4] [5] [6] However, it seems to be probable that regenerating axons also grow through the epineural windows on the sidewalls of grafted nerve.
During the reconstruction of multiple branches of the facial nerve, after parotid tumor ablation for example, a couple cable grafts are sutured with the single stump of the facial nerve trunk. In our opinion, axonal regeneration is disturbed in such a manner, and the efficiency of the recovery is inferior to end-to-end nerve anastomosis between single nerve stumps.
A nerve graft using end-to-side sutures replaces these multiple cable grafts in the reconstruction of multiple facial nerve branches. By avoiding suturing multiple grafted nerves with the single stump of the facial nerve trunk, this technique can increase the efficiency of nerve regeneration through the graft.
MATERIALS AND METHODS
Our end-to-side nerve graft procedure is illustrated in comparison with the conventional cable graft technique ( Fig.  1 ). One end of the nerve graft is sutured with the stump of the facial nerve trunk in an end-to-end manner with 10 -0 monofilament nylon suture. Epineural windows are made on the nerve graft, and the distal stumps of the facial nerve branches (temporal, zygomatic, and buccal) are sutured to the windows of the graft in an end-to-side manner. Suturing with the marginal mandibular branch with the distal end of the graft is performed in an end-to-end manner.
PATIENT REPORT
A 49-year-old woman presented with a slowly growing subcutaneous mass in the left parotid region that began 5 years earlier. Superficial parotidectomy was performed, and the tumor was diagnosed as adenoid cystic carcinoma.
Eight months later, a recurrent parotid tumor was found. An extended parotidectomy was performed, and all branches of the facial nerve were reconstructed via an endto-side nerve graft using the sural nerve ( Fig. 2 ). Postoperative irradiation was not added.
Recovery of facial movement was quantified using the House-Brackmann facial nerve grading system and the Yanagihara grading system, which has a high degree of correlation with the House-Brackmann system. 7 Improvement of facial movement was noted 3 months after surgery, and reached grade II of the House-Brackmann system and 30 of 40 points of the Yanagihara grading system 2 years after surgery (Fig. 3) .
Electrodiagnosis was done by volitional and evoked electromyography. Although reinnervation from the contralateral side could occur in the frontal and orbicularis oris muscles, volitional activity of the orbicularis oculi muscle, the zygomatic major muscle, and the orbicularis oris and depressor anguli oris muscles was obtained 1 year after surgery. Activity of facial muscles, including the frontal muscle, was noted 2 years after surgery (Fig. 4) . Using evoked electromyography, the most proximal part of the nerve graft was stimulated. The amplitude of the compound muscular action potential of the zygomatic major muscle was obtained even on the paralyzed side 2 years after surgery, and regeneration through the end-to-side sural nerve graft was confirmed ( Fig. 5 ).
DISCUSSION
Early trials for preserving function of the hypoglossal nerve included longitudinal splitting of the donor nerve. 8 -10 A superior result was then obtained via partial sectioning of the hypoglossal nerve. 5, 6, 11, 12 A recent breakthrough has been end-to-side neurorrhaphy using an epineural window on the donor nerve. 3 This technique does not cause injury to the axons of the hypoglossal nerve. We were inspired by these ideas and thought it highly possible that regenerating axons in the nerve graft will grow through the epineural windows of the graft and reach the branches of the facial nerve.
One of the problems predicted concerning this technique was the proportion of the number of regenerated axons distributed to each of the facial nerve branches. Although there was apprehension that poor recovery would be obtained at the distal branches, functional recovery was satisfactory, even in the perioral region in our patient.
The largest barrier in regenerating the facial nerve is the site of the nerve suture. The number of growing fascicles may be reduced there. Using the conventional cable graft for reconstructing multiple facial nerve branches, 2 or more nerve grafts are sutured to the single stump of the facial nerve trunk. This may cause considerable loss of regenerated fascicles than anastomosis between single nerve stumps. Endto-side nerve grafting solves this problem, and a more predictable nerve recovery may be obtained. Annals of Plastic Surgery • Volume 53, Number 5, November 2004 End-to-Side Nerve Graft for Facial Nerve Reconstruction
Recovery of facial expression in the presented case is comparable to the ideal results of the immediate repair of the facial nerve injury without defect. Although some extent of recovery from contralateral side or double innervations might have occurred, axonal regeneration and functional recovery through end-to-side nerve grafting were confirmed with electrodiagnosis.
Moreover, conventional cable grafting for multiple branches of the facial nerve requires a longer graft than our end-to-side nerve graft technique, which needs minimal lengths of nerve graft for the same defect. Although the sural nerve was used in our patient, the great auricular nerve, which is seen in the area of the parotid gland, can be used as a graft in select patients. 
